Introduction
============

Takayasu arteritis (TAK) is a chronic inflammatory disease that involves mainly the aorta and its major branches. Many TAK cases show a fever, fatigue, weight loss, arthralgia and myalgia. In laboratory findings anemia and inflammation are often noted. However, because of these nonspecific symptoms and laboratory findings, its diagnosis is sometimes delayed ([@B1]). Some patients are diagnosed with burn-out of inflammation in the scarring stage of TAK, when ischemic symptoms of the involved organs develop without active inflammation many years after the onset of TAK.

Atypical aortic coarctation (AAC) is a representative manifestation of TAK ([@B2]). It may develop anywhere along the length of the aorta ([@B3]). Severe hypertension of the upper extremities is characteristic of AAC complicated with TAK. If not treated, the prognosis is poor ([@B4]).

While immunosuppressive therapy is chosen as the initial treatment for TAK generally, surgical treatment is employed in some cases with ischemia caused by stenosis of the affected arteries. Immunosuppressive therapy includes glucocorticoid, immunosuppressants such as methotrexate and calcineurin inhibitors ([@B5]), and biologics such as interleukin 6 blockers ([@B6]). In contrast, surgical treatment is applied to TAK cases with severe stenosis, which includes AAC, vascular claudication, hypertension caused by severe stenosis of renal arteries, cerebral ischemia caused by severe stenosis of cerebrovascular arteries, and myocardial ischemia with detected cardiovascular stenosis ([@B7],[@B8]).

While the number of TAK cases diagnosed at an advanced age has increased ([@B9]), they include some who develop ischemic lesions due to vascular stenosis without inflammation of the involved arteries long after the onset of TAK. Such cases are surgically treated without immunosuppressive therapy and are expected to have a favorable prognosis. However, very few histopathological analyses of the affected and unaffected arteries long after successful surgical therapy have been conducted.

We herein report a patient with TAK who survived for 23 years after bypass graft surgery without immunosuppressive therapy in whom a detailed histopathological analysis was performed of both the affected and unaffected arteries at the autopsy.

Case Report
===========

A 92-year-old woman was admitted to our hospital because of congestive heart failure. Thirty years previously, she had also been admitted to another hospital because of congestive heart failure. Although a high systolic blood pressure (sBP) (270 mmHg) was noted, it improved (160 mmHg) with anti-hypertensive medication. Twenty-four years previously, she had been found to have systolic hypertension (220 mmHg) again. Since she had been experiencing orthopnea, she was admitted to an affiliated hospital.

A physical investigation revealed an extreme blood pressure difference between the upper and lower limbs (sBP; right upper limb 202 mmHg, left upper limb 184 mmHg, right lower limb 112 mmHg, left lower limb 118 mmHg). There was no heart murmur, but a bruit around the abdominal aorta was heard. She was afebrile. A blood examination showed no inflammation; C reactive protein (CRP) 0.1 mg/dL and erythrocyte sedimentation rate 8.0 mm/h. Human leukocyte antigen (HLA)-typing was not done. Enhanced computed tomography (CT) revealed calcification and coarctation in the entire circumference throughout the thoracoabdominal aorta without enhanced aortic wall thickening. Angiography revealed irregular narrowing of the descending aorta involving the celiac artery to 5 cm below the renal artery branch, along with stenosis of the ostium of the celiac and superior mesentery artery. No stenosis of other aortic branches, including the renal arteries, was detected. Conspicuous coarctation at the Th11/Th12 level with a significant blood pressure change across the damaged aorta (180 mmHg vs. 120 mmHg) was also revealed. Renal vascular hypertension was excluded because renal venous sampling revealed no laterality in the plasma renin activity level, although renal scintigraphy revealed laterality in the renal blood flow (right 34 mL/min, left 61 mL/min). A diagnosis of hypertension due to AAC complicating TAK was made according to the Japanese criteria ([@B2]).

No immunosuppressant, including glucocorticoid, was prescribed because of the inactive nature of the disease. Since she was refractory to four kinds of antihypertensive drugs, thoracoabdominal aortic bypass grafting and celiac and superior mesenteric artery reconstruction were performed ([Fig. 1](#g001){ref-type="fig"}). A histological analysis of the unaffected thoracic and abdominal aorta that had been resected when making the anastomosis showed no inflammation.

![Enhanced CT image after thoracoabdominal aortic bypass grafting. Calcification and coarctation were seen in the entire circumference throughout the affected thoracoabdominal aorta (arrow). The graft showed good patency (arrowhead). Anastomoses of the bypass graft and aorta are indicated with asterisks.](1349-7235-58-2241-g001){#g001}

After the operation, the blood pressure difference between the upper and lower limbs decreased to the normal range, and her blood pressure was controlled well with antihypertensive medication (sBP 130 mmHg). No postoperative complications, such as anastomotic aneurysm, anastomotic stenosis or graft deterioration, occurred. TAK did not recur for 23 years despite no immunosuppressants being administered from the time of her diagnosis of TAK. Starting around three years before her death, she began to experience repeated episodes of congestive heart failure accompanied by sick sinus syndrome. She died of chronic heart failure at 92 years of age, and an autopsy was performed. She had never been treated with glucocorticoids or any other immunosuppressants during her lifetime.

The graft showed good patency. The affected descending aorta had diffuse calcification, sclerosis and stenosis. The minimum diameter of the aorta was about 1 cm. Thrombotic occlusion over 14 cm in the descending aorta was found from just below the anastomosis of the thoracic aorta bypass graft to just above the renal artery branch ([Fig. 2](#g002){ref-type="fig"}). Stenosis was also found in the right renal artery but not in other aortic branches. The right kidney revealed mild atrophy (right 70 g vs. left 85 g). No dilated arteries including aneurysms were detected. Microscopically, the affected aorta demonstrated fibrous thickening and calcification in the intima, rupture and disappearance of the medial elastic fibers, and fibrous thickening of the adventitia and feeding vessels ([Fig. 3](#g003){ref-type="fig"}). The infiltration of lymphocytes and plasma cells in the adventitia along the aortic wall was slight. No granulomatous inflammation was detected. The same findings were found in the right renal artery and common iliac arteries. These findings were consistent with the scarring stage of TAK. In the ascending aorta, aortic arch and other aortic branches, including the celiac, superior mesenteric, common carotid, brachiocephalic, subclavian and left renal artery, the medial elastic fibers remained almost normal except for slight atherosclerosis, suggesting no involvement of TAK ([Fig. 4](#g004){ref-type="fig"}). Slight infiltration of lymphocytes in the adventitia was noted in the boundary regions between the affected and unaffected arteries. Based on these pathological findings, a diagnosis of type III TAK involving the thoracoabdominal aorta, right renal artery and common iliac arteries was made ([Fig. 5](#g005){ref-type="fig"}) ([@B10]). In marked contrast, the findings of the non-diseased arteries were those of arteriosclerosis associated with aging rather than with vasculitis.

![Macroscopic findings of the affected aorta. (a) Anastomosis of the bypass graft and thoracic aorta. (b) Anastomosis of the bypass graft and abdominal aorta. (c) Left renal artery. (d) Right renal artery. The affected descending aorta showed stenosis with a minimum diameter of about 1 cm (lower photos). Thrombosis over 14 cm in the descending aorta was found from just below the anastomosis of the thoracic aorta bypass graft to just above the renal artery branch. The renal blood flow seemed to be maintained by backflow from the bypass graft.](1349-7235-58-2241-g002){#g002}

![Histopathological findings of the affected aorta. (a, b) Thoracoabdominal aorta, (c, d) common iliac artery, (e, f) right renal artery. Fibrous thickening and calcification were demonstrated in the intima, with rupture and disappearance of the medial elastic fibers. Fibrous thickening of the adventitia and feeding vessels in the affected aorta was found. Inflammatory cell infiltration in the adventitia was very slight. (a, c, d) Hematoxylin and Eosin staining, (b, d, f) Elastica van Gieson (EVG) stain. (a-d) ×20, (e-f) ×100](1349-7235-58-2241-g003){#g003}

![Histopathological findings of unaffected arteries. (a, b) Brachiocephalic artery, (c, d) left subclavian artery, (e, f) left renal artery. The medial elastic fibers were preserved with only slight atherosclerosis. (a, c, e) Hematoxylin and Eosin staining. (b, d, f) EVG stain. (a-d) ×20, (e-f) ×100](1349-7235-58-2241-g004){#g004}

![Angiogram of this TAK case. Involvement of the thoracoabdominal aorta, right renal artery and common iliac arteries (red line) indicated type III TAK \[Adapted from Hata A et al. Int J Cardiol 1996; 54: (Suppl) S155-S163 (10)\].](1349-7235-58-2241-g005){#g005}

Discussion
==========

We experienced a patient with AAC complicated by TAK who had had inactive disease since the diagnosis and enjoyed a prolonged survival after surgery without immunosuppression therapy at any time. She survived for 23 years after surgical treatment with only antihypertensive medication despite a history of severe hypertension in the upper half of the body (sBP 220 mmHg). Histopathological findings demonstrated characteristic lesions of TAK in the thoracoabdominal aorta, right renal artery and common iliac arteries, which were pathologically different from those of mere arteriosclerosis associated with aging. In contrast, the non-diseased arteries showed only slight atherosclerosis, although they had been exposed to the same degree of hypertension for many years before the surgery. Although the patient was long suspected of having been exposed to high blood pressure and inflammation sufficiently severe to destroy the arterial structures despite the non-use of glucocorticoid or immunosuppressants, the remote effect of persistent localized inflammation was unexpectedly limited and appeared to exert only minimal influence on the progression of atherosclerosis. Although limited to a single case, this finding raises the possibility that long-term persistent and severe inflammation alone is not necessarily sufficient to promote the development of arterial damage, such as atherosclerosis, at least in some cases.

The present case enjoyed a prolonged survival after surgery with only antihypertensive medication. AAC is common in TAK ([@B2]), which is often treated by surgery with a satisfactory prognosis ([@B3]). Her long-term survival was attributed to various favorable prognostic factors, including the absence of inflammation at surgery ([@B11]), good control of blood pressure after surgery ([@B3]), lack of post-surgical complications ([@B7]) and the lack of side effects, such as infection related to glucocorticoid or other immunosuppressants.

Although the number of TAK cases diagnosed at an advanced age has increased recently, their prognosis is not well understood. In a report on 1,372 TAK cases diagnosed in Japan from 2001 to 2011 ([@B9]), the average age at the disease onset was 35±3 years, and 43% were more than 40 years old at the diagnosis. In another report, 7% of TAK cases were stated to have been diagnosed at over 50 years of age ([@B12]). As the present case had developed congestive heart failure 30 years previously, presumably due to arteritis, the onset of TAK likely occurred at an age considerably younger than 62 years old. Although an elderly onset suggests the possibility of giant cell arteritis (GCA), the present case had not complained of headache at any time during her life, so we did not investigate the temporal arteries at the autopsy. Furthermore, no case showing spontaneous burn out with such ischemic lesions without inflammation of the involved arteries long after the onset of GCA has been described. In addition, we were unable to evaluate the disease activity of TAK in its early stage but consider it likely that the present patient had prolonged inflammation sufficiently severe to destroy the structure of the aorta before the diagnosis.

The frequency of TAK cases whose arteritis burned out without immunosuppressive therapy is unclear. However, TAK cases diagnosed at an advanced age include many with inactive disease and no inflammation without immunosuppression therapy. In the report of 11 TAK cases who were diagnosed at \>40 years of age (57±6 years) ([@B13]), 73% had no inflammation, and none of them had been treated with immunosuppressive therapy. Aortography in elderly cases showed an irregular luminal surface, kinking and calcification ([@B13]). As TAK flare is infrequent in cases with inactive disease at the diagnosis, they usually do not receive any immunosuppressive therapy ([@B14]-[@B18]). Although the 5-year survival rate was 80% in elderly TAK cases in 1984 ([@B13]), the details of their long-term prognosis remain to be elucidated.

The present case showed the scarring stage of TAK based on a histopathological analysis in which the diseased vessels could be clearly discriminated from non-diseased ones. While it is often difficult to discriminate the scarring stage of TAK from arteriosclerosis, the former demonstrates rupture and fibrosis of the medial elastic fibers, fibrous thickening of adventitia and characteristic cell infiltration ([@B19]). Kerr et al. reported histopathological evidence of vasculitis in 44% of clinically inactive cases ([@B14]). The present case showed these histopathological findings of the scarring stage of TAK with typical distribution involving the thoracoabdominal aorta, right renal artery and common iliac arteries. The carotid and coronary arteries showed slight atherosclerosis rather than rupture of the medial elastic fibers, suggesting arteriosclerosis related to aging. From the nature and distribution of these histopathological findings, the diagnosis of the scarring stage of TAK was made. In contrast, the slight arteriosclerosis noted in the non-diseased arteries despite exposure to severe hypertension and suspected severe inflammation for many years was also a salient feature of this case.

We encountered a case of AAC complicating TAK that manifested inactive disease at the diagnosis and survived for a long period with only surgical treatment for AAC. The histopathological findings demonstrated characteristic lesions and distribution of the scarring stage of TAK in the diseased vessels while also showing unexpectedly slight arteriosclerosis in the non-diseased ones. This case suggests that a long-term survival after surgery for AAC with good control of blood pressure without immunosuppressive therapy may be possible in some appropriately treated elderly TAK cases with inactive disease at the diagnosis and that inflammation sufficiently severe to destroy the structure of the aorta may not be inherently sufficient to promote systemic atherosclerosis.
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